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Abstract

Title: Quasi-Exactly Solvable Quantum Systerﬁs

Author: Narmela Aghajani

In this thesis, by using algebraic methods, the quasi-exactly solvable (QES) quantum models
are studied. For these models, one can find only a pait of the spectrum of the system for a
given value of the parameter J. In fact, in such system, the potential depends on parameter j
and the Hamiltonian's matrix with non-vanishing elements can be written as a block structure.
Then, we can rewrite the finite block by using the generators of a Lie group, as SU(2), with
the constant coefficients. By diagonalaizing the finite block, we analytically determine part of
the spectrum eigen values and the corresponding eigen functions. The QES quantum models,
in higher dimension are also studied by using the generators of SU(3), SO(3) and
SU(2)xSU(2) Lie algebra. A mumber of the potentials associated to these models are also
obtained which are defined over a Riemannian space with a metric tensor. :

In another method, the Ushveridze program fuses all steps into one. The starting point of the
program is an ansatz, a set of analytic functions depending on a few numerical parameters, to
be fitted with the equation under consideration. So, the problem is solvable.

Further, we study the correspondence between QES models and sets of orthogonal
polynomials. It is shown that the eigen value-equation generates a set of polynomials, where
these polynomials satisfy a three-term recursion relation. Moreover, all polynomials beyond a
critical polynomial, which are in order of J, factor into a product of two polynomials, one of
which is critical polynomial. The zeros of the critical polynomial are the quasi-exact energy
eigenvalues of the quantum-mechanical QES model.

Finally, we study in some detail a QES system for which the energy eigenstates for levels
with odd as well as even number of nodes are known for a given potential. We show that in
this case one can obtains two independent sets of ortho gonal polynomials.

Key words:
Dynamical groups, Orthogonal polynomials, Quasi-exactly solvable potential.
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